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FOREWORD 

This  report,  which  comprises  data  acquisition,  processing,  and 
analysis  of  F-102A  maneuver  loads  data,  was  prepared  by  the  Design 
Criteria  Branch,  Structures  Division,  Air  Force  /.Tight  Dynamics  Laboratory, 
Air  Force  Systems  Command,  Wright-Patteraon  Air  Force  Base,  Ohio.  This 
effort  was  performed  under  Research  and  Development  Project  1367, 

"Structural  Design  Criteria  for  Military  Ae  .pace  Vehicles,"  Task  136717, 
"Structural  Flight  Loads  Data  Acquisition  a  d' Analysis  on  USAF  Military 
Aircraft."  Mr.  Clement  J.  Schmid  was  the  or-  ject  engineer  and 
Mr.  Eugene  Durkee  was  the  task  engineer. 

The  F-102A  airplane  S/N  57-70835  was  an  Air  National  Guard  airplane 
under  loan  to  Headquarters  San  Antonio  Air  Materiel  Area  (SAAMA), 

Air  Force  Logistics  Command,  Kelly  Air  Force  Base,  Texas,  for  a 
Structural  Load/Stress  Spectrum-in-Flight,  Survey.  Concurrent  to  che 
SAAMA  program,  eight-channel  flight  data  were  collected  with  the 
Whittaker  8-channel  magnetic  tape  recorder  for  design  criteria  development. 

The  maneuver  loads  data  acquisition  program  began  in  April  1968  and 
terminateu  in  April  1970.  Data  flights  were  very  infrequent  due  to  air¬ 
plane  maintenance  problems. 

Appreciation  is  extended  to  Messrs.  Eugene  Brazier  and  Clement  J.  Schmid 
for  their  helpful  suggestions  during  the  preparation  of  the  data  analyses  and 
the  report. 

This  technical  report  has  been  reviewed  and  is  approved. 

K  )  '«  . 

GORDON  R.  NEGAARD,  Major,  USAF 
Chief,  Design  Criteria  Branch 
Structures  Division 
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SECTION  I 
INTRODUCTION 

This  report  was  prepared  in  the  interest  of  updating  structural  design 
criteria  for  interceptor  type  aircraft.  This  is  part  of  a  continuous 
effort  to  develop  more  definitive  structural  design  criteria  and  maintain 
a  state-of-the-art  consistent  with  rapid  technological  developments  in 
associated  scientific  areas  as  aerodynamics,  propulsion,  materials, 
mechanics,  etc.,  and  with  military  requirements  for  increased  speeds, 
altitudes,  and  maneuverability. 

The  development  and  refinement  of  structural  design  criteria  have  been 
the  responsibility  of  the  Design  Criteria  Branch  and  its  predecessor 
organizations  since  their  inception,  and  as  necessary  to  the  development 
of  practical  operational  aircraft  for  the  various  mission  requirements  as 
specified  by  the  USAF  including  its  various  operational  commands.  Each 
aircraft  type,  having  a  different  mission  assignment,  requires  a  different 
set  of  criteria  to  achieve  the  maximum  proficiency  for  which  it  is 
intended. 

The  approach  to  the  development  of  realistic  structural  design 
criteria  has  been  accomplished  through  the  acquisition  of  flight  data 
which  normally  comprises  velocity,  altitude,  and  normal  linear  acceleration 
at  the  airplane  center  of  gravity.  Recently,  these  three  flight  parameters 
have  been  expanded  to  include  linear  accelerations  in  the  other  two 
airplane  axes,  i.e.,  in  the  lateral  and  longitudinal  axes,  and  rotational 
velocities  in  all  three  airplane  axes.  Dr  occasions,  strain  gages  have 
been  installed  on  structural  members  in  the  wing,  tail,  fuselage,  and 
landing  gear  to  collect  bending  moments,  shear,  and  torsion.  Also, 
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control  forces  have  been  collected  on  specific  aircraft.  Subsequent  to 
data  acquisition,  the  data  are  processed  and  analyzed  with  the  results 
being  presented  in  reports  in  formats  appropriate  to  the  development  and 
refinement  of  structural  design  criteria. 

This  particular  report  presents  17.9  hours  of  flight  loads  data  with 
their  analyses  from  an  F-102A  test  aircraft  at  Kelly  AFB,  Texas.  This 
program,  "F-102A  Structural  Load/Stress  jpectrum-in-Flight  Survey,"  was 
initiated  by  Headquarters  San  Antonio  Air  Materiel  Area  (SAAMA) ,  Kelly  AFB, 
in  an  effort  to  retrieve  actual  in-flight  loads/stresses  for  comparison 
with  original  stress  analysis  and  flight  loads  data  and  for  direct  appli-  • 
cation  to  a  fatigue  analysis  to  re-evaluate  the  F-102A  useful  operational 
life.  Coincident  with  the  SAAMA  effort,  an  AFFDL  instrumentation  package 
was  prepared  and  installed  to  collect  8-channel  flight  loads  data  (airspeed, 
altitude,  3-axes  linear  accelerations  and  rotational  velocities).  These 
data  were  processed  through  the  six  AFFDL  computer  programs  which  process 
and  analyze  the  data  for  application  to  structural  design  criteria. 

The  test  aircraft,  F-102A  S/N  57-70835,  was  an  Air  National  Guard 
airplane  and  was  loaned  to  Headquarters  San  Antonio  Air  Materiel  Area 
for  this  program. 
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SECTION  II 
DISCUSSION 


1.  AIRCRAFT  TYPE 

An  F-102A  airplane,  S/N  57-70835,  was  selected,  instrumented,  and  test 
flown  in  an  effort  to  retrieve  actual  in-flight  loads/stresses  for  compari¬ 
son/correlation  with  the  original  structural  analysis,  design  criteria,  and 
for  a  fatigue  investigation  and  the  development  or  refinement  of  structural 
design  criteria.  The  F-102A  (see  Figure  1)  is  a  single-place,  supersonic, 
all-weather  interceptor  built  by  General  Dynamics/Convair.  F-102  airplanes 
are  best  characterized  by  the  large  60-degree  delta  wing  and  the  absence  of 
a  conventional  empennage.  The  delta  wing  is  equipped  with  elevons  which 
provide  combination  aileron  and  elevator  action  from  conventional  cockpit 
controls.  Conventional  tricycle  landing  gear  is  utilized  for  take  off, 
taxi,  and  landing.  The  wing  contains  six  internal  fuel  tanks  which  are 
serviced  by  a  single-point  pressure  refueling  system,  and  fuel  usage  is 
sequenced  automatically  to  maintain  desirable  center  of  gravity.  Gross 
weights  vary  according  to  various  mission  loading  conditions.  Airplane 
gross  weights  range  from  approximately  28,150  pounds  to  31,276  pounds 
with  full  fuel. 


Clean 

External  Tanks 

Empty  Weight 

19,903 

20,234 

Usable  Fuel 

7,053 

9,848 

Armament 

1,194 

1,194. 

Total  Weight 

28,150 

31,276 

Thrust  is  supplied  by  a  Pratt  and  Whitney  J57-P-23A  engine  with  after 
burner.  Approximate  standard  sea  level  static  thrust  rating  is  as 
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follows: 

Maximum  (with  afterburning)  .  -  16,000  pounds 

Military  (without  afterburning)  -  10,200  pounds 

The  maximum  allowable  indicated  airspeed  for  a  clean  airplane  is  655 
knots  or  Mach  1.5,  whichever  occurs  first.  For  airplanes  with  external 
tanks,  the  maximum  allowable  airspeed  is  435  KIAS  or  Mach  .95,  whichever 
occurs  first.  This  includes  either  tanks  empty  or  with  fuel.  The  maximum 
positive  and  negative  load  factors  for  symmetrical  maneuvers  and  for  a 
clean  airplane  are:  +  7.0  and  -  3.0  "g."  The  airplane  is  further 
restricted  by  external  tanks  and  asymmetrical  maneuvers. 

2.  INSTRUMENTATION 

The  Whittaker  8-channel  magnetic  tape  flight  recorder  and  appropriate 
sensors  were  installed  in  the  F-102A  airplane  by  Air  Force  Flight  Dynamics 
Laboratory  personnel  early  in  the  program.  Sensors  comprised  an  airspeed- 
altitude  pressure  transducer,  three  linear  accelerometers,  and  three  rate 
gyros.  The  instruments  were  all  laboratory  calibrated  prior  to  installation 
a.  The  Whittaker  flight  loads  data  recorder  MXU-316/A24U-6,  as 
shown  in  Figure  2,  contains  the  analog-to-digital  converter  and  record 
electronics  for  converting  eight  channels  of  analog  data  to  eight  channels 
of  straight  binary  digital  data.  Each  channel  output  consists  of  six 
binary  bits  and  a  timing  track.  The  drive  motors  for  the  tape  magazine, 
which  are  within  the  recorder,  possess  two  operating  speeds.  In  the  low- 
speed  mode,  the  input  analog  data  is  sampled  thirty  times  per  second  and 
the  tape  speed  is  3.6  inches  per  minute.  In  this  mode  of  operation,  up  to 
6  Hz  analog  data  can  be  resolved.  In  the  high-speed  mode  of  operation, 
the  analog  data  is  sampled  60  times  per  second  and  the  tape  is  driven  7.2 
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inches  per  minute.  In  this  mode  of  operation,  up  to  12  Hz  data  can  be 
utilized. 

The  eight  channels  of  flight  information  are  fed  into  the  multiplexer 
and  are  time  division  multiplexed  onto  a  single  channel.  The  word-pulse 
generator  generates  a  separate  gating  pulse  for  each  information  channel. 

The  multiplexed  output  is  fed  into  the  analog-to-digital  converter  through 
the  automatic  calibration  unit.  The  analog  information  is  converted  into 
a  six-bit  binary  word  and  presented  to  the  record  heads  in  parallel  form. 

A  timer  assembly  provides  the  system  clock  frequency,  together  with  a 
0.1  Hz  signal  for  recording  elapsed  time,  and  the  automatic  calibration 
commands.  The  automatic  calibration  commands  allow  10  seconds  half-scale 
and  full-scale  calibration  of  the  recorder  system  at  the  beginning  of 
each  flight. 

b.  The  magazine  assembly  (MXK-315/A24U-6)  contains  the  tape  transport 
mechanisms,  the  magnetic  record/reproduce  heads,  erase  head,  and  the 
recording  media.  The  tape  is  pulled  at  a  constant  speed  by  the  rotating 
capstan  assembly.  The  mechanical  interface  with  the  recorder  or  playback 
is  made  through  jaw  clutches  that  extend  from  the  bottom  of  the  magazine. 

Two  magnetic  record/reproduce  head  assemblies  are  used  for  both  recording 
and  reproduction,  with  each  assembly  containing  30  in-line  magnetic  heads. 
Each  track  is  0.010  inch  wide  and  is  spaced  0.042  inch  centerline  to 
centerline.  Since  the  magazine  is  crash  and  fire  resistant,  the  tape  is 
metallic,  1-mil  thick  by  1.375  inches  wide  by  450  feet  long.  The  magazine 
assembly  mounts  on  the  recorder  mechanism  asseml'y  for  record  operation  and 
is  contained  in  a  reinforced  plastic  housing  designed  to  protect  the  tape 
and  the  recording  thereon  from  aircraft  crash  conditions  consisting  of 
impact,  explosion,  and  subsequent  fire.  The  magazine  assembly  is  restrained 
on  the  recorder  by  six  l^-inch  diameter,  high  strength  bolts. 


7 


AFFDL-TR-72-47 

The  recorder  assembly  requires  115  VAC,  400  30  .and  2b  VDC  power 

from  Che  airplane.  Recorder  assembly  dimensions  are:  8  x  7k,  x  8-3/8 
inches  with  a  weight  of  25  pounds.  Total  system  error  is  less  than  ±2 
percent.  Additional  recorder  assembly,  information  can  be  found  in 
reference  1. 

c.  The  dual  pressure  transducer  within  the  recorder  is  a  Pace  Model 
CP-84.  It  has  dual  unit  assemblies  of  variable  inductance  transducers 
operated  by  pressure  bellows  actuators.  The  input  range  of  the  impact 
channel  (pitot)  is  0  to  10  PS1D.  The  static  channel  input  range  is  14.7 

to  0.408  PSIA.  The  output  range  for  both  channels  is  0  to  +  5  VDC.  Twenty- 
eight  VDC  are  required  for  operation.  Electrical  connections  are  made 
through  a  nine-pin  connector.  The  transducers  are  designed  for  a  maximum 
error  of  ±1  percent  over  the  entire  operating  range. 

d.  The  accelerometer  assembly,  consisting  of  three  Palomar  linear 
accelerometers,  part  number  465-1002-2,  S/Ns  1,  201,  and  205,  and  buffer 
amplifier  filters,  were  installed  at  the  airplane  center-of-gravity  to 
record  three  axes  of  linear  accelerations.  The  accelerometer  in  the 
vertical  axis  posseused  a  range  of  -  3.0  to  +  9.0  "g."  The  other  two 
accelerometers  for  the  lateral  and  longitudinal  each  had  a  range  of  *1.0 
"g."  The  frequency  response  of  the  accelerometers  was  flat  to  6  Hz.  The 
units  were  designed  for  an  overall  accuracy  of  *1  percent  over  the  entire 
operating  range. 

e.  The  gyro  assembly  comprised  three  gyros  with  part  number  RG02- 
0501-1  Hll.  The  gyros  were  manufactured  by  Humphrey  Inc.  The  specification 
accuracy  lists  a  *1.0  percent  of  full  scale  at  zero  rate  input  increasing 

to  *2.5  percent  of  full  scale  at  maximum  rate  inclusive  of  linearity, 
repeatability,  and  hysteresis.  Gyro  ranges  are  *360,  *60,  *60  degrees- 
per  second  for  roll,  pitch,  and  yaw,  respectively. 
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f.  The  recorder  and  sensors  wore  all  calibrated  by  Flight  Dynamics 
Laboratory  personnel  within  the  Experimental  Branch  facility.  The  mercury 
manometer  system  was  used  to  calibrate  the  dual  pressure  transducers.  The 
accelerometers  and  gyros  were  calibrated  on  the  AFFDL  centrifuge  table. 

All  laboratory  calibrations  were  measured  with  accurate  digital  voltmeters. 

The  calibrations  were  essentially  linear  and  the  slopes  of  the  calibration 
curves  were  fitted  with  least-square  straight  lines. 

g.  Under  contract  with  Headquarters  San  Antonio  Air  Materiel  Area 
(SAAMA) ,  Southwest  Research  Institute  installed  over  200  strain  gages,  a 

fuel  flow  meter  and  pressure  transducers.  The  three-axes  linear  accelerations 
and  rotational  velocities  recorded  on  the  Whittaker  recorder  were  also 
recorded  on  the  SAAMA  Leach  recorder.  Strain  gages  were  installed  on  the 
wing,  vertical  tail,  fuselage  and  landing  gear  at  over  200  locations  as 
shown  in  reference  2. 

3.  FLIGHT  TEST  PROGRAM 

F-102  airplane,  S/N  57-70835,  was  instrumented  to  collect  structural 
flight  loads  data  for  a  fatigue  life  history  program  and  the  development  of 
structural  design  criteria.  Flights  covered  all  the  possibilities  relative 
to  maneuvers  and  gusts  for  an  interceptor  type  aircraft.  Programmed 
maneuvers  for  these  tests  included  both  symmetrical  and  asymmetrical  with 
velocities  ranging  from  .55  to  1.2  Mach,  altitudes  ranging  from  1200  to 
35,000  feet  and  accelerations  from  0  to  6.0  "g."  The  airplane  was  flown 
at  the  above  conditions  in  three  configurations:  clean,  with  pylons  only 
(no  tanks),  and  with  pylons,  tanks  and  fuel.  Fo:  additional  information 
regarding  the  various  flight  conditions,  see  reference  2. 
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4.  DATA  ANALYSIS 

a.  The  strain  gage  data  was'  processed  by  Southwest  Research  Institute 
and  presented  in  reference  2. 

b.  The  Whittaker  8-channel  flight  loads  data  were  processed  and 
analyzed  on  the  7094  IBM  computer  at  Wright-Patterson  AFB.  These  data  were 
analyzed  in  accordance  with  methods  as  presented  in  reference  3.  Under  a 
contract  with  North  American  Rockwell  Corporation,  six  computer  programs 
were  developed  to  process,  analyze  and  present  the  refined  data  and  their 
analyses  in  tables,  graphs,  and  probability  curves  which  are  useful  for 
application  to  the  development  of  structural  design  criteria.  The  computer 
programs  were  generated  for  use  on  IBM  7094  computer. 

Computer  Program  Number  1,  "Data  Reduction  and  Computation,"  reads  the 
basic  data  tapes,  calibrates,  converts  the  eata  to  standard  units,  computes 
such  parameters  as  velocity  in  knots  and  Mac  i  number,  instantaneous  gross 
weight,  temperature,  three  axes  linear  acccl>  rations  and  rotational  velocitie 
and  equivalent  normal  acceleration  and  prepare",  a  binary  output  tape 
containing  time  histories  of  all  parameters  feu:  use  by  computer  programs 
2A,  2B,  and  2W.  Data  are  input  to  the  program  at  the  beginning  of  each 
flight  as  required  to  compute  weight  changes  during  the  flight  as  from 
dropping  of  stores  or  refueling.  Any  calibration  changes  that  occur  at 
any  time  during  the  flight  are  also  entered  at  rhe  beginning  of  each  flight. 
The  program  then  adjusts  to  the  new  weight  rate  or  norm  at  the  designated 
time  in  the  flight.  The  data  recorded  for  each  eligi  t  will  allow  the 
8-channel  flight  loads  data  to  be  analyzed  in  a  number  ,  -*  different  ways. 

For  example,  three  aircraft  configurations  are  categorized  as  per  load 
factor  limitations  (5.0,  6.0  and  7.0  "g").  Data  fur  these  three  groups 
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may  be  analyzed  separately  or  together.  Other  possible  populations  could 
be  grouped  by  mission,  base,  date,  or  aircraft  tail  number.  Program  Number  1 
will  read  up  to  three  input  tapes  and  prepare  one  output  tape.  A  single 
output  tape  will  contain  all  the  reduced  flight  loads  data  from  three  input 
tapes  of  raw  data. 

Computer  Program  Number  2A,  "Peaks  and  Correlated  Variables,"  detects 
structurally  significant  peaks  in  the  time  histories  of  the  recorded  and 
computed  parameter  data  from  Program  1  output  tapes.  As  each  peak  is 
detected,  simultaneous  values  of  selected  non-peaking  parameters  are 
recorded  and  stored  for  later  evaluation  by  Program  3.  Up  to  three 
Program  Number  1  tapes  can  be  read  by  Program  2A.  Eight  additional 
parameters  are  computed  in  Program  2A:  wing  tip  helix  angle,  roll  angular 
displacement,  coupling  parameters  (PQ,  PR,  QR)  and  the  three  rotational 
accelerations  (P,  Q,  R) .  The  output  Program  2A  tape  is  for  use  in  Program  3. 

Computer  Program  2B,  "Time  Distributions  and  Envelopes,"  reads  flight 
loading  parameter  data  from  Program  1,  computes  time  distributions  and 
peak  envelopes  of  the  multiparameter  data,  and  produces  tables  and  graphs 
of  the  results.  With  a  full  spectrum  of  input  data,  Program  2B  prints  85 
pages  of  tables  containing  time  distributions  and  peak  envelope  data.  The 
graphical  data  prepared  by  Program  2B  are  written  on  a  tape  which  is  then 
placed  on  a  SC-4020  cathode  ray  tube  plotter  which  plots  35  pages  of  graphs. 
The  plotted  data  from  the  85  pages  of  tables  are  all  shown  in  the  35  pages 
of  graphs.  Results  of  Program  2B  are  shown  in  Appendix  "A." 

Computer  Program  Number  3,  "Peak  Distributions,"  utilizes  the  output 
tapes  from  Program  2A  which  contain  all  significant  parameter  peaks  and 
correlated  variables.  Up  to  four  input  tapes  can  be  used  in  a  single  run. 
Data  can  be  combined  with  previous  data  by  means  of  an  updating  tape,  which 
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scores  all  previously  processed  data.  Program  3  counts  the  frequency  of 
peaks  in  given  intervals,  computes  probabilities,  prints  the  distributions 
in  tabular  form  and  produces  a  data  tape  for  Program  4  to  use  in  preparing 
graphs  of  the  data.  The  printed  output  of  Program  3  consists  of  tables  of 
all  the  peak  data  of  the  recorded  and  computed  parameters.  These  tables 
provide  a  comprehensive  collection  of  data  on  the  loading  statistics  of  the 
aircraft  under  investigation. 

Computer  Program  Number  4,  "Peak  Distribution  Craphs,"  possesses  one 
sole  function,  that  is,  to  produce  graphs  of  the  peak  distributions  as 
computed  by  Program  3.  The  graphs  are  produced  by  means  of  the  SC-4020 
cathode  ray  tube  plotter.  Program  4  can  read  up  to  four  input  tapes  from 
Program  3  and  prepares  one  output  tape  for  the  SC-4020  plotter. 

Computer  Program  2W,  "Automatic  Warning  System,"  is  the  means  f^r  the 
practical  application  of  the  automatic  warning  system.  The  function  of  this 
program  is  to  read  the  flight  loads  data  from  the  Program  1  output,  compute 
and  record  peaks  of  selected  loading  parameters  that  exceed  preassigned 
thresholds  with  the  times  of  occurrence  of  the  peaks.  Then,  if  the  frequency 
of  occurrence  of  the  peaks  indicate j  that  the  actual  loading  environment  is 
exceeding  expectations  or  that,  an  occurrence  of  ultimate  load  may  be  expected, 
a  warning  message  is  printed.  Record  plotting  can  be  accomplished  for  normal 
linear  acceleration  and  roll  acceleration  for  visual  determination  of  a 
valid  exceedance. 

Additional  data  analysis  information  is  available  in  reference  3. 
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5.  DATA  PRESENTATION 

The  F-102A  maneuver  loads  data  and  subsequent  analyses  are  presented 
in  figure  format  in  Appendix  "A." 

a.  Computer  Program  2B.  "Time  Distributions  and  Envelopes"  Results 

Figures  3  through  11  were  computed  and  plotted  in  accords. with  instruc¬ 
tions  as  provided  in  Computer  Program  2B  (reference  3) .  The  total  flight  and 
maneuver  time  for  each  of  these  figures  was  13.5  and  8.79  hours,  respectively. 
The  maneuver  time  (8.79  hours)  is  part  of  the  total  flight  time  of  13.5  hou"s. 

As  will  be  noted  later,  this  differs  with  the  hours  shown  on  graphical  outputs 
from  Program  4  which  will  be  discussed  later  in  the  report.  The  percents  of 
time  in  each  column  represent  a  percent  of  the  total  flight  and  maneuver  times 
for  each  segment  of  airspeed  or  altitude.  An  inspection  of  the  column  heights 
shows,  in  some  instances,  a  greater  percent  of  elapsed  time  for  maneuvers  than 
for  flight.  In  other  words,  column  heights  are  greater,  in  some  instances,  for 
the  maneuvers  than  'or  total  flight  time.  This  is  legitimate  since  these  are 
percentages.  It  is  conceivable  that  100  percent  of  the  maneuver  time  could  be 
within  any  one  given  altitude  or  airspeed  segment  along  the  abscissa,  ever, 
though  the  total  flight  time  was  fairly  well  distributed  in  all  the  segments. 

Figure  3,  "Airspeed  Distribution  of  Total  Flight  Time  and  Maneuver  Time," 
indicates  that  approximately  90  percent  of  the  flight  and  maneuver  time  occurred 
under  400  knots  airspeed.  Better  control  can  be  exercised  over  the  degree  of 
acceleration  at  lower  airspeeds.  The  maximum  recorded  airspeed  was  699  knots 
for  these  series  of  tests.  The  design  limit  airspeed  for  the  F-102A  is  655 
knots  or  Mach  1.5,  whichever  occurs  first.  There  was  ’-.o  indication  that  this 
exceedance  of  the  design  limit  airspeed  resulted  *n  any  damage  to  the  aircraft. 

Figure  4,  "Altitude  Distribution  of  Total  Flight  Time  and  Maneuver  Time," 
shows  that  flight  time  varies  from  12  to  25  percent  with  the  maneuver  time 
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varying  from  11/Co  about  30  percent  for  each  of  the  ranges  of  altitude  inter¬ 
vals.  The  first  two  intervals  do  cover  less  altitude  change  than  succeeding 
altitude  intervals.  There  appears  to  be  no  precise  way  of  predicting  the 
percent  of  time  spent  in  each  interval.  This  is  expected  to  vary  depending 
on  the  base  altitude  and  as  fligh*-  missiron  requirements  vary. 

Figure  5,  "Percent  Maneuver  Time  Spent  Above  Value  of  (Nx),"  shows  that 
less  than  5  percent  of  the  time  was  spent -outside  of  the  range  *0.4  Nx. 

This  indicates  that  there  was  neither  a  sudden  application  of  forward  thrust 
nor  abrupt  braking.  Above  20  percent  on  the  time  scale,  the  curve  is  nearly 
symmetrical.  This  would  indicate,  for  the  most  part,  that  the  degree  of 
thrust  and  braking  is  about  equivalent.  The  asterisks  along  the  abscissa 
out  to  *1.2  Nx  are  not  necessarily  indicative  of  data  to  that  limit.  The 
table  from  which  this  curve  was  generated  showed  maximum  values  of  +  1.0 
and  -  0.36.  This  positive  value  (1.0)  does  appear  to  be  a  little  high  for 
the  available  engine  thrust. 

Figure  6,  "Percent  Maneuver  Time  Spent  Above  Value  of  Ny,"  portrays 
a  lopsided  envelope  for  lateral  load  factor  with  most  of  the  time  spent 
performing  maneuvers  (left  turns)  which  contributed  to  obtaining  negative 
lateral  load  factors.  Obviously,  during  any  other  series  of  flights  with 
other  pilots  and  mission  requirements,  this  curve  might  be  reversed  to 
the  other  side  of  the  spectrum  (positive);  but  logically  and  ’->ith  more 
pilots  and  flight  and  maneuver  hours,  the  spectrum  would  be  symmetrical 
about  the  zero  line  with  an  equal  percent  of  time  for  both  the  positive  and 
negative  values  (right  and  left  turns).  The  degree  of  deviation  from  the 
zero  line  and  on  each  side  thereof  should  be  approximately  as  shown  in 
Figure  6  on  the  negative  side,  i.e.,  *1.0  "g." 
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Figure  7,  "Percent  Maneuver  Time  Spent  Above  Value  of  (Nz),''  shows 
values  up  to  6.0  "g",  but  the  percent  of  time  at  values  above  3,0  "g"  is 
minimal.  Although  net  shown  in  Figure  7  because  the  graph  was  cut  off  at 
6.0  "g",  the  design  limit  load  factor  of  7.0  "g"  was  exceeded  during  these 
tests.  The  highest  recorded  value  was  8.5  "g".  During  one  flight  in 
June  of  1968,  the  airplane  momentarily  and  inadvertently  went  into  a  series 
of  pitching  oscillations,  resulting  in  maximum  load  factors  of  -3.26  and 
+8.5  "g"  witli  failures  to  right  wing  spars  3  and  5.  The  left  wing  had 
permanent  set.  Both  wings  were  replaced  and  instrumented  prior  to  further 
flight  testing.  The  high  acceleration  (8.5  "g")  occurred  irrespective  of 
maximum  programmed  maneuvers  of  6.0  "g."  If  this  maximum  acceleration 
(8.5  "g")  could  occur  once  in  17.9  flight  hours,  then  statistically  this 
acceleration  (8.5  "g")  could  occur  223  times  in  an  airplane's  lifetime  of 
4000  hours.  This  is  in  close  agreement  to  the  findings  of  reference  4 
which  surveyed  nine  flight  data  programs  with  conclusions  that  fighter-type 
aircraft  should  be  designed  for  limit  load  factors  within  a  range  of  8.2 
to  8.9  "g",  depending  on  their  assigned  missions.  Referring  again  to 
Figure  7,  this  envelope  is  not  symmetrical  nor  is  it  expected  to  be  even 
if  more  flight  data  were  available.  Normally,  more  time  is  spent  performing 
pull-up  type  maneuvers  than  pushdowns.  It  is  known  that  pilots,  in  general, 
are  reluctant  to  perform  negative  "g"  maneuvers. 

Figures  8,  9,  and  10  show  percentage  of  maneuver  time  spent  above 
values  of  P,  Q,  and  R,  respectively.  These  curves  are  all  nearly  symmetrical 
and  of  approximately  the  same  shape.  It  is  expected  that  with  a  larger 
quantity  of  data,  the  curves  would  be  even  more  symmetrical  about  the 
zero  line.  The  values  are  relatively  low  for  an  interceptor  type  of 
airplane.  These  values  are  in  radians  per  second.  There  appears  to  be 
no  design  problem  concerning  roll,  pitch,  or  yaw  rates. 
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Figure  11,  "Probability  of  Exceeding  a  Dwell  Time  (TD)  When  (N2)  and 
(M)  are  in  Specified  Intervals,"  shows  a  maximum  dwell  time  of  six  seconds.' 
The  dwell  times  for  the  various  acceleration  values  range  from  one  second 
to  a  maximum  of  six  seconds.  The  shorter  dwell  times  cover  the  higher 
accelerations  above  four  "g."  This  figure  is  for  a  Mach  number  range  of 
zero  to  0.6  wherein  85  percent  of  the  maneuver  flight  time  occurred.  This 
is  typical  of  the  data  in  all  other  Mach  number  ranges.  In  no  instance 
did  the  dwell  time  exceed  six  seconds. 

b.  Program  4,  "Peak  Distribution  Graphs,"  Results 
Figures  12  through  58  were  computed  and  plotted  in  accordance  with 
instructions  as  provided  in  Computer  Program  Number  4  (reference  3).  The 
total  flight  hours  used  in  the  development  of  these  graphs  were  17.9.  This 
is  larger  than  the  hours  shown  on  Figures  3  through  11  which  resulted  from 
Program  2B.  The  same  input  data  tapes  were  used  for  both  programs.  The 
reason  for  the  flight  hour  difference  is  not  known;  apparently  a  data  tape 
was  rejected  by  Program  2B. 

Figures  12  through  20  show  probabilities  of  being  in  an  altitude 
interval  "HP"  when  the  basic  parameters  (N  ,  Nz,  Nze,  P,  Q,  R,  P,  Q,  R) 
exhibit  a  peak.  These  figures  are  all  relatively  similar  with  the  maximum 
probabilities  occurring  ir.  the  lowest  altitude  interval  of  zero  to  two 
thousand  feet  and  generally  decreasing  for  the  higher  altitudes.  These 
figures  are  somewhat  related  to  Figure  4  which  relates  percent  of  flight 
and  maneuver  time  to  each  altitude  interval;  but  in  Figures  12  through  20, 
the  graphs  are  based  on  the  number  of  peak  occurrences  within  each  altitude 
interval.  There  were  numerous  peak  occurrences  in  the  zero  to  two  thousand 
altitude  interval  though  the  time  span  of  each  maneuver  was  small.  These 
figures  indicate  that  the  larger  percentage  of  maneuvering  is  performed 
at  the  lower  altitudes. 
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Figures  21  through  57,  "Probability  of  Variable's  Peak  Exceeding  a 
Value  of  the  Variable  (Nz)  Given  the  Intervals  of  W,  Ve  and  HP,"  are  all 
similar  in  shape  originating  at  either  minus  one  or  zero  "g"  and  extending 
to  six  "g"  with  the  probabilities  of  occurrences  diminishing  moderately  as 
they  approach  six  "g"  for  all  the  intervals  of  weight,  velocity  and  altitude. 

The  final  figure,  Number  58,  which  is  entitled,  "Probability  of 
Variable's  Peak  Exceeding  a  Value  of  the  Variable  (Ny)  (Absolute  Value  of 
Peaks)  Given  Intervals  of  W,  Ve  and  HP,"  is  typical  of  all  the  thirty- 
seven  figures  involving  the  variable  Ny.  This  figure  indicates  that  Ny 
varies  between  zero  and  0.9  "g"  for  probabilities  to  0.085.  Lateral  load 
factor  values  were  not  excessive  and  are  not  expected  to  contribute  to 
any  structural  failures. 

Upon  inspection  of  the  programmed  maneuvers  and  the  resulting  load 
factors,  it  appears  significant  chat  for  most  of  the  maneuvers  the  resultant 
load  factors  were  higher  than  programmed.  There  were  three  instances  where 
the  overshoot  was  excessive  and  in  a  critical  area.  In  these  three  cases, 
a  6  "g"  symmetrical  pull-up  was  specified  and  accelerations  of  6.96,  7.05, 
and  8.5  "g"  were  recorded.  Southwest  Research  Institute  personnel  were  of 
the  opinion  that  rather  than  the  high  "g"  forces  causing  right  wing  spars 
3  and  5  to  fail,  these  failures  were  caused  by  flight  retraction  and 
extension  cycling  of  the  main  landing  gear  or  landing  gear  side  loads, 
inducing  loads  in  the  side  brace  attach  beam  and,  in  turn,  into  spars  3 
and  5.  These  gear  cycling  loads  wore  probably  not  made  a  part  of  the 
original  fatigue-loads  program.  This  is  supported  by  the  fact  that:  one 
F-102A  training  base  experienced  17  cracks  on  the  side  beam  attach  lug 
for  the  retract  cylinder.  Possibly  the  skewed-gear  induces  more  of 
these  loads  than  does  the  original  gear.  The  accident  report  suggested 
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that  the  spar  failures  occurred  because  of  pre-existent  stress  corrosion 
cracks,  dynamic  loading  conditions,  and  out-of-phase  surface  control 
deflections,  rather  than  abnormally  high  accelerations.  The  Leach  Recorder, 
installed  by  Southwest  Research  Institute  (SWRI) ,  showed  maxima  of  -2.96 
and  +17.3  "g";  however,  SWRI  personnel  believed  there  was  an  instantaneous 
electrical  interruption  at  this  time  and  the  maximum  positive  acceleration 
should  have  been  only  6.95  "g."  (The  AFFDL  recorder  showed  maximum 
accelerations  of  -3.26  and  +8.5  Both  wings  were  replaced. 
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SECTION  III 
CONCLUSIONS 

To  relate  the  recorded  F-102A  maneuver  loads  data,  most  of  which  is 
shown  in  Figures  3  through  58,  to  structural  design  criteria  for  interceptor 
type  aircraft,  it  is  concluded  that: 

1.  The  design  limit  load  factor  of  7.0  "g"  was  exceeded  during  these 
tests  irrespective  of  the  fact  chat  programmed  maneuvers  were  not  to  exceed 
6.0  "g."  The  maximum  accelerations  recorded  on  the  AFFDL  recorder  were 

-  3.26  and  +8.5  "g."  Subsequent  to  this  flight  wherein  these  design  load 
exceedances  occurred,  the  airplane  was  inspected  for  structural  deficiencies. 
Spars  3  and  5  in  the  right  wing  were  cracked  and  there  was  permanent  set  in 
the  left  wing.  The  accident  report  did  not  attribute  the  failures  to  the 
high  "g"  forces,  but  suggested  that  the  spar  failures  occurred  because  of 
pre-existent  stress  corrosion  cracks,  dynamic  loading  conditions  and  out 
of  phase  surface  control  deflections.  Both  wings  were  replaced  prior  to 
continued  testing.  Statistically,  if  8.5  "g"  could  occur  in  17.9  hours, 
this  value  would  bo  reached  or  exceeded  223  times  in  the  airplane's  design 
life  of  4000  hours.  In  reference  4  where  nine  fighter-type  aircraft  flight 
loads  data  programs  were  evaluated,  it  was  recommended  that  these  aircraft 
types  should  be  designed  for  load  factors  within  the  range  of  8.2  to  8.9  "g", 
depending  «  'i  their  mission  requirements  such  as  air-to-air  gunnery,  ground 
gunnery,  reconnaissance,  etc.  Results  of  the  F-102A  flight  program  are  in 
close  agreement  with  these  conclusions. 

2.  The  design  limit  airspeed  of  655  knots  or  Mach  1.5,  whichever 
occurs  first,  was  exceeded  by  a  significant  amount  (699  knots).  There  was 
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no  indication  that  this  exceedance  of  the  design  limit  airspeed  resulted 
in  any  damage  to  the  aircraft.  It  should  be  noted  that  for  these  tests 
approximately  90  percent  of  the  flight  and  maneuver  time  occurred  under 
400  knots  airspeed. 

3.  Normal  linear  acceleration  excursions  covered  time  spans  of 
from  one  to  six  seconds. 

4.  All  other  parameters  (longitudinal  and  lateral  accelerations, 
and  roll,  pitch,  and  yaw  rates)  as  measured  during  this  program  were 
within  design  limits. 
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APPENDIX  A 

FLIGHT  LOADS  DATA  PRESENTATION 

Appendix  A  consists  of  envelopes,  distributions  and  probability 
curves  of  the  measured  and  statistically  analyzed  flight  loads  data 
resulting  from  the  six  computer  programs  of  Reference  3.  Figures  3 
through  58  depict  these  results  and  are  presented  on  the  following 
pages . 
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vciccnr.  vc,  interval  no.  t.  fro 


0.  TO  250.  (KNOTS! 


ALTITUDE.  nP.  INTERVAL  NO.  2.  FRO  2000.  TO 


5000.  IFEE1I 


i 


S.O 


AKtET* 
0*2  000 


i 

0.0 


CASE  NO.  12 


Figure  23 
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«ce*iiuti 


<*  muL-s  rm  ixchLnc  «  «i ue  JtHi  vuueu  i|«  > 
tlvtl.  (hi  thTCtVALS  or,  w  ,  «,  the  HA 
’«*«•  HOOM  Of  RKMCIO  DATA  t  ir.|Q  ! 


ttcc-ir  • 
on  ooo 


t.xto'03 


j.xto'04! _ 

«  -ilo — 


NCRHAl  ICAO  RACTCA ,  NT 


«IONT,  V,  (P0UN05I 
srAga  int.no.  men  to 

i  i  »ooa,  jjooo. 

*  2  13000.  40000. 

1  1  40000.  43000. 

4  4  43000.  30000. 

3  1  30000.  33000. 


no.  or  riAAS,  (  w;  > 

TCTAl  NCCAT1VC  AOJUSVl 


VClOCITTi  VI,  INTCRVAl  NJ,  I,  ARON  230.  TO  100.  IRNOTl) 
ALTITOOI.  hr,  1NTCRVAI  NO.  2.  ARC**  2000.  TO  3000.  lAllU 


Figure  29 


CAST  NO.  !» 


S&jflH*.**'  f  'At  , 
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014  000 


prcea  tun  cf  variable's  exceedim  *  value  cf  the  variable  <  n;  > 

GIVEN  IhC  INTERVALS  Cf)  V  ,  VE,  AND  '  HP 
TOTAL  FLIGHT  HOLM  OP  RECCROEO  DATA  >  IT, 10 


J.X10 

NT  -1,0 


t.O  J.O 

NCRNAL  LOAD  FACTOR.  NJ 


WEIGHT,  V,  (POUNDS) 


NO.  OF  PEARS.  I  n;  ) 


STN80L  INT.NOi 

rnc* 

TO 

TOTAL 

NEGATIVE  fOi 

IT!  VC 

i 

1 

ESODO. 

35000. 

2es. 

0. 

225. 

z 

2 

35000  * 

40000. 

0. 

0. 

0. 

5 

3 

40000, 

45000. 

0. 

0. 

0 

4 

4 

49000. 

50000. 

0. 

0. 

0. 

3 

9 

90000. 

55000. 

c. 

0. 

0. 

VELOCITY, 

VC, 

INTERVAL  NO.  J.  FRO* 

300. 

TO  350. 

IANOTS) 

ALTITOCE. 

HP. 

INTERVAL 

NO.  2.  rsf* 

2000. 

TO  5000. 

irecn 

CASE  NO.  It 


Figure  30 


50 


AFFDL-TR-72-47 


NCSWl  ICAO  FACTO!,  N2 


weicMT.  w 

.  (POUNDS) 

NO.  Cf  PEAKS, 

t  hi  ) 

STNect 

int.no. 

FRC* 

TO 

TOTAL  NEGATIVE 

(*05 !  T 1  Vt 

t 

i 

23000. 

33000. 

293.  0. 

233. 

2 

2 

33000. 

40000. 

0.  0. 

0. 

3 

3 

40000. 

450C0. 

0.  0. 

0. 

4 

4 

43000. 

30000. 

0.  0. 

0. 

3 

3 

30000. 

33000. 

o.  r. 

0. 

VElCCITr,  Vt, 

INTERVAL 

NO.  4.  FRCN 

330.  TO 

400.  (KNOTS) 

AITITUCC.  HP.  INTERVAL  NJ.  2,  FRCP  2000.  TO  5000.  (FEET) 


CASt  NO.  It 


Figure  31 
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nc6»m\r:  op  variabIe-s  peak  txccdtnt  a  value  c*  the  variable  i  r*i  > 

GIVEN  rht  1 NTCK VALS  C,  W  ,  VC,  AND  HA 
TOTAL  FLIGHT  HCORJ  OF  REOMiOEO  DATA  •  IT, 10 


akD-ef* 
cm  etc 


NCRNAL  LOAD  factor.  n: 


WEIGHT,  W.  IPCHJNCS) 

5:nea  int.no.  fron  to 

1  I  23000.  33000. 

2  2  33000.  40000. 

3  3  40000.  43000. 

4  4  43000.  30000. 

3  3  30000.  33000. 


NO.  Of  HEARS,  I  N:  1 

total  negative  positive 

204  .  4  .  200. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


vELOOITr.  VC,  INTERVAL  NO.  3,  PRC*<  400.  TO  430.  (KNOTS) 

ALIIIuOE.  hP.  INTCRvAl  nO.  2,  FRO*  2000.  TO  3000.  (»UT> 


CASE  NO.  It 


Figure  32 
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j  ;  i  ! 

lit  c f  variable's  peak  ticeeptxt  a  value  c*  the  variable  i.n;  i 

OlVtN  jit  INTERVALS  CP)  W  .  »t,  AND  |  HA  ) 

TOT  At  PLIANT  HOUR  I  OP  AECjMOEC  data  •  ir.to 


ADCC-CP  • 

o*p  ooc 


NORMAL  LOAO  PACK*.  N: 


WEISMT,  W,  (POUNDS) 

stxea  int.no.  pro*  to 

1  1  13000.  33000* 

2  2  33000.  A0000. 

3  3  40000.  43000. 

4  4  43000.  30000. 

3  3  30000.  33000. 


no.  cf  pears,  i  n;  i 

TOTAL  NEOATIVE  POSITIVE 

All.  10.  All. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


VELOCITY,  VE,  INTERVAL  NO.  «.  PRC*  430.  TO  300.  (KNOTS) 

ALTITUDE,  HP,  INTERVAL  NO.  2,  PROM  2000.  TO  SUM.  (PCtll 


CASE  NO.  It 


Figure  33 
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Atit •%*  * 
CM  000 


l.XIO  “*[ 

K!  -\.0' 


M«V  tltTv  Of  VtMAflLC'S  ftu  tXCtrciHS  A  VALUE  Of  THE  VARIAtlC  I  HI  ) 
UVEN  iHt  INTERVALS  or  W  ,  VC,  AND  HR 

total  ruCHT  hours  or  rccckcco  data  •  tr.to 


NORNAL  LOAC  FACTOR.  n; 


HCI6NT.  W.  ircOMJS) 

ITH8CL  SNT.NO.  FRO* 

1  1  25000.  35000. 

2  2  55000.  <0000. 

3  3  40000.  <5000. 

«  4  45000.  30000. 

3  3  30000.  33000. 


NO.  Of  FEARS.  I  n:  > 

TOTAL  NtSATIVE  POSITIVE 

1434.  3r.  uir. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


velocity.  vt,  interval  no.  r,  fro*  300.  to  eoo.  ianotsi 

ALIlUiOE.  «P.  INTERVAL  NO.  2.  ESC*  2000.  TO  3000.  iFfEti 


CASE  NO.  It 


Figure  34 
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NCfNAL  ICAO  RACTCf.  N: 


weiCHT.  W, 

IP0t*0$> 

C*  PCA'.S. 

(  n :  ) 

sr*ect 

INI. MO. 

RRCN 

TO 

TOTAL 

NC6ATl\t 

POST ?t VC 

i 

1 

23000. 

33000. 

9T. 

0. 

97. 

2 

2 

33000. 

40000. 

0. 

0. 

0. 

3 

3 

40000. 

43000. 

0. 

0. 

0. 

4 

4 

43000. 

30000. 

0. 

0. 

0. 

3 

3 

30000. 

33000. 

0. 

0. 

0. 

•!o 


VtL«ITr.  VE,  INTERVAL  NO.  t.  FRC*  tOO.  TO  MO.  (RNOTJI 


aliiiuoe.  «r.  interval  no.  e,  erc*  touo.  10  soon.  ireeti 


CASE  NO.  It 


Figure  35 
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PRO®* 


uni  or  viRugiC's  pea*  exceeding  a  value  or  the  variable  t  m  i 
given  tht  intervals  or  w  ,  v£.  and  nr 
total  flight  hours  or  reccroeo  data  >  ir.io 


•i. 


1 

1. 

1.1. 

.0  t.o 

NCfiHAL  LOAO  EACTCC. 

i 

3.0 

n: 

J 

4.0 

weight, 

W,  (PCWOS) 

NO.  cr  PEARS. 

(  n; 

) 

IvNSCl  TNT.  DC 

rso 

:c 

total 

NEGATIVE 

POSITIVE 

1  1 

23000. 

33000. 

37. 

0. 

37. 

2  2 

33000. 

40000. 

0. 

0. 

0. 

3  3 

40000. 

43000. 

0. 

0. 

0. 

4  4 

45000. 

30000. 

0. 

0. 

0. 

3  3 

30000. 

33000. 

0. 

0. 

0. 

VELOCITY,  VE, 

INTERVAL 

NO.  1.  TfiON 

0 

.  TO 

230. 

(KNOTS) 

ALTITUDE,  mP, 

interval 

NO.  3,  RfiC* 

5000 

.  TO  I3UUU. 

If  ECU 

Figure  36 
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«c«*|uirt  or  v*Rt*otrs  rr**  r*ccccr«  *  vuut  <r  tut  v**i*tir  (  w  > 

61  vCn  InC  1ISITC«VA|.S  OF  W  ,  vt,  ANO  nr 

(oi*i  mint  kojsi  or  fitc«cto  e*r*  *  it.io 


-oi 


„-02 


Atce-tr  • 
10*  ooo 


-F 


! 

4  - 


i 


t.xto' 


03 


l.XtO 

NO 


-1.0 


1 


1.0 


I 

t.o 


I  .  1 

3.0  4.0 


1.0 


•.0 


nornai  io*o  facto*.  k; 


WCICHT,  w.  (FOONOSI  NO.  OF  FEAH5.  I  n;  ) 


,»Neo<.  int.no.  fso* 

TO 

ictai  ncca; 

tvT  PC  4 

ITIVt 

1  1  25000. 

33000. 

493. 

0. 

493. 

2  2  33000. 

40000. 

0. 

0. 

0. 

3  3  40000. 

43000. 

0. 

0. 

0. 

4  4  43000. 

30000. 

0. 

0. 

0. 

5  3  50000. 

33000. 

0. 

0. 

0. 

VttOOlTr.  vt,  INTERVAL 

NO.  3,  FSO 

300.  TO 

330. 

(KNOT?) 

*1 T 1  Toot,  n*.  Interval 

no.  3.  Fro*. 

50UI).  TO 

I3Q00. 

iPieu 

CASE  NO.  It 


Figure  38 
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* 

F  5 


I 


1 


1 


i 


1 

y 


if  i 
#* 


i.xio 


-oi 


n*02 


*05 


J.xtO  , 
«:  -i!o 


>sce*|ait!  ca  variable's  rear  cxcceeiNc  *  value  or  the  variaele  i  ne  i 
given  The  Intervals  oa  w  ,  vE,  and  hr 

TOTAL  ALIGHT  hOURS  OR  RECCR0E0  OAIA  «  tr.tO 


I 

1.0 


t.o 


1 

s.o 


NCR  HAL  LOAO  AACTCG.  n; 


WEIGHT,  u.  IPCUNCSI 
JrwECL  INT.NO.  Aro*< 

I  I 


23000.  33000. 

33000.  40000. 


40000. 

43000. 

30000. 


43000. 

30000. 

33000. 


W.  CF  PEARS. 
TOTAL  NEGAT’^ 
3»A.  0 

0.  5 

0.  J. 

0.  0. 
0.  0. 


4.0 


n:  i 

ITIVt 

:»a. 

o. 

o. 

o. 

o. 


VELCOITr.  VE.  INTERVAL  NO.  4  -’CC"  330.  TO  400.  IRNOTS) 
aliiiuce.  hp.  Inter v'  w,  .  arc*  sooo.  to  tsooo.  treed 


Figure  39 
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AbCC'CA  • 

lot  osc 


< 


*!o  oio 


CASE  *C.  It 


AFFDL-TR-72-47 


P 

R 

0 

e 

A 

e 

\ 

t 

i 

T 


\,r\0 

NJ  -1.0 


t!o 


C  A  SC  we.  It 
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Meet  am  cr  vtuttii's  pear  exceesins  *  met  or- the  »«!«;:  t  m  i 
etvtK  t«c  into vals  or,  u  ,  »e,  and  .  h p  i 

tom  mint  tioont  or  rccc«deo  data  >  j  tr.ia 


tent  HOURS  Of  RECttOEO  OAT 

I'  "  ‘  1 


tecc-cr  ■ 

SO#  000 


l.X!o'M[_ 


normal  tote  rtctcf,  n: 


heicht.  w,  tpoonos) 

$:nea  Int.nj.  frc«  to 

t  t  23000.  33000. 

2  2  33000.  40000. 

3  3  40000.  43000. 

4  4  43000.  30000. 

3  3  30000.  33000. 


w.  cr  pears,  i  nj  ) 

IOIA0  NCRttIVC  POSItIVt 

se.  o.  m. 

o.  o.  o. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


VELOCIlr,  VE,  INtERVAl  NO,  e,  PRO*  430.  to  300.  IRNOtST 
AL71TOOE.  HP.  Interval  NO.  3,  PROP  .3000.  10  t3UU0.  iFECT) 


CASE  NO.  It 


Figure  41 
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t.XtO 


*00 


t.xio 


02 


l.XtO 


I.XJO 

n: 


03* 

I 

I 

I 

-L 

•1.0 


FsooAfuni  cf  variables  ku  exceeding  *  value  of  me  vakiaclc  <  n;  i 

GIVEN  tMt  INIEIVALS  Ml  «  .  Vt,  AND  HA 
TOTAL  ALIGHT  HOUR!  OF  RECC4&E0  CATA  >  .  IT. 10 


AUC- 

IM 


♦  - 

I 


1.0 


i- 


t.o 


».o 


NORMAL  LOAB  FACTOR.  NJ 


♦ - - 


4.0 


HEIGHT .  W,  (POUNDS) 

jinea  int.no.  mo*  to 
I  I  21000.  33000. 


33000.  AOOOO. 
<0000.  43000. 

43000.  30000. 
30000.  33000. 


NO.  CF  PEARS.  I  N:  ) 

TOTAL  NEGATIVE  FOSITIVt 

134.  t.  132. 

0.  0.  0. 

0.  0.  0. 

o.  o.  o. 

0.  0.  0. 


VtlCOITr.  Vt,  INTERVAL  no.  T.  fro  300.  to  400.  IRN0T3I 
ALTITUDE,  nf.  INTERVAL  no.  4,  from  1000.  To  13000.  'FttTI 


1.0 


0.0 


CASt  NO.  It 


Figure  42 
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NORMAL  LCAO  AACTCR,  n; 

WCIOMt,  W,  (AOUNC5!  NO.  &  ACAKS,  I  n:  ) 


$T*ect 

INI. NO, 

ARC* 

10 

TOTAL 

NCOATIVt 

Positive 

i 

1 

23000. 

33000. 

140. 

0. 

140. 

2 

2 

33000. 

40000. 

0. 

0. 

0. 

3 

i 

40000. 

43000. 

0. 

0. 

0. 

4 

4 

43000. 

30000. 

0. 

0. 

0. 

3 

3 

30000. 

33000. 

0. 

0. 

0. 

vtiociii.  vt,  interval  no.  1 1  no*  «oo.  to  *10.  irnotsi 

AL 1 1  luOE.  HA,  INTERVAL  NO.  3,  ARC*  3001).  10  IJOOO.  iAtlt) 


CASE  NO.  It 


Figure  43 
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uu-tr  ■ 

104  600 


FRO*  A  lUTl  Cf  VARIABLE'S  FEAR  tXCEEBINO  A  VALUE  C*  (HE  VARIABLE  I  HI  ) 
OIVtN  1»E  iNItAVALJ  OF  V  .  Vt.  AMD  HE 
TOTAL  FLIONT  MOIlAI  OF  ACCORDED  DATA  •  If. 10 


NORMAL  LOAD  FACTO*.  NJ 


WEIGHT.  U.  (FCWC5) 

symccl  ini. wo-,  from  to 

t  I  23DOO.  35COO. 


2  2  33000.  <0000. 

3  3  40000.  43000. 

4  4  43000.  30000. 

3  3  30000.  33000. 

VELOCITY,  ve,  interval  no,  I,  FROM 


no.  CF  fears.  (  n;  ) 

TOTAL  NEGATIVE  FOSITIVE 

122.  0.  122. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  TO  ISO.  IRNOTSI 


altiiooe.  hf.  interval  no.  a,  from  tsooo.  10  isuou.  ifceii 


CASE  NO.  II 


Figure  44 
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I 


I 

't 


l 


& 


I 


e 


i 


t.xto 


•00 


t.xto 


•01 


1.X10 


■03 


I.XIO’04! 
«  ..,.q 


3r*«a  int.no. 
i  t 


(NCONOS) 

NO. 

RRCN 

TO 

TOTAL 

tsooo. 

33000. 

tta. 

33000. 

40000. 

0* 

40000. 

43000. 

0. 

43000. 

30000. 

0. 

30000. 

33000. 

0. 

0. 

0. 

0. 

0. 

0. 


It*. 

0. 

D. 

0. 

0. 


vctocm.  vt,  interval  no.  t,  rrc*  mo.  to  joo.  (knots) 
altitooe,  nr.  interval  no.  «,  arc*  tsooo.  to  tsooo.  ireet) 


A«e-£r» 

io»  ooo 


i 

s.o 


J 

M 


CATE  NO.  It 


Figure  45 
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N<*MA(.  t-CAC  FACTCd.  n: 


WCtCHT.  k, 

$?nect  ikt.no. 

ifoowsi 

FSC* 

TO 

NO.  C f  PEARS, 
TOTAL  NCOATIVC 

(  n:  > 
POSITIVE 

i  i 

23000. 

33000. 

347.  3. 

342. 

2  2 

33000, 

40000. 

0.  0. 

0. 

3  3 

40000. 

43000. 

0.  0. 

0. 

4  4 

43000. 

30000. 

0.  0. 

0. 

3  3 

30000. 

33000. 

0.  0. 

0. 

VELOCITY.  Vt,  INTERVAL  NO.  J,  FRC*  500.  to  5'JO.  <ANOt$) 
AtmiiOe,  nF.  INTER VAL  NO.  *.  FRC*  15000.  TO  TSUOO.  iFEtll 


CASE  NO.  IE 


Figure  46 
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I.XIO*00 


I.XtO*0|r 


ail,  tr  muiu-i  «aa  t»£teii«  *  Mlu(  withe  VA„mf  cw  > 
>««v»u  or,  w  .  «,  AND  HP  ;  ’ 

WAt.  fU^NT  HOUAI  Of  AfCCOfO  D4U  «  j  tf.«0 

—  f-  •  •  •  .  .  ; 


Atce-tr  > 

III  000 


I.XIO*05 


i.xio*04! 
n*  .,.o 


1 

(.0 

* 

1 

9.0 

NCSNAl  ICAO 

fACTC*. 

■  w 

(POUNDS) 

MX 

Cf  KAKS. 

'nON 

TO 

total 

NtCATlVC 

25000. 

35000. 

10). 

0. 

55000. 

A000U. 

0. 

0. 

AOOOO. 

A5000. 

0. 

0. 

A5000. 

50000, 

0. 

0. 

50000. 

55000. 

0. 

0. 

VE-  ,Nl«VH  NO.  A.  r*c*  3,0.  TO  ADO.  {KNOTS) 
Al-lfvOf,  HP.  IflfAVAi  4.  f-Ov*  1,000.  T.:.  *,000. 


CASE  NO.  It 


Figure  47 
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1.X10 


01 


1.X10 


•02 


1.X10 


1.X10 

n: 


•04{ 

u— 

-1.0 


PROeAftttTt  CP  VARIABLE'S  «AK  CfCEttlNO  A  VALUE  Of  THE  VAHUeiC  (  *1  i 
01  VtN  tut  INTERVAL*  Of  W  ,  it,  ANO  ,  HP 
TOTAL  FU4hT  *CUfi$  Of  RECCfOCO  OATA  *  If.  10 


t  - 


Srnea  iNT.NO. 
1  1 

z  z 

5  3 

4  4 

3  3 


3 

t.o 

3.0 

4.0 

NCfNAl  ICAO  FACTO*. 

n: 

IKiMV 

NO.  C T  PEAr.5,  (  n: 

> 

me* 

TO 

TOTAL 

ncca; 

:vt  pcs 

HIVE 

13000. 

35000. 

44. 

0. 

44. 

3SOCO. 

40000. 

0. 

0. 

0. 

40000. 

45000. 

0. 

0. 

0. 

43000. 

50000. 

0. 

0. 

0. 

30000. 

55000. 

0. 

0. 

0. 

INTERVAL 

NO.  3. 

400 

.  JO 

430. 

(knots: 

Interval 

"0.  4.  HC* 

isuoo 

.  10 

43000. 

ifccn 

AfrCC'ff  ■ 
tlf  000 


I 

9.0 


CASE  NO.  II 


Figure  48 
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NCRNAL  10*0  FACTOR.  NT 

WCISMT,  M,  (FONOS)  NO.  CF  FCAKS,  I  NT  ) 

sr«a  int.no.  fro  to  total  ncoative  fositive 

t  I  29000.  99000.  >9.  0.  99. 

2  2  99000.  40000.  0.  0.  0. 
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